The synthesis of the enzyme alkaline phosphatase in Escherichia coli K12 is repressed in a medium containing a high concentration of orthophosphate (Torriani, 1960) . Repression of this enzyme is under the genetic control of tvo separate genes, Rl and R2 (Echols et al., 1961) . A mutation in either of the genes can produce a constitutive mutant (i.e., one that is not repressible by high concentrations of orthophosphate). Both genes appear to be involved in the formation of a "repressor" for alkaline phosphatase, analagous to the role of the regulating gene, i, for f-galactosidase (Pardee, Jacob, and Monod, 1959 ). This conclusion is based on the observation that repressibility is dominant over constitutivity in heterozygous diploids which carry a constitutive gene, either cis or trans, to the active structural gene for alkaline phosphatase (Echols et al., 1961) .
In a study of the synthesis of alkaline phosphatase by constitutive mutants, a difference was noted between the behavior of Rl-and R2 mutants (Echols et al., 1961 (Echols et al., 1961) . The double-mutant strains, Rla-R2-and Rib-R2, were prepared by crossing the constitutive mutations from the Hfr, in which they were originally isolated, into an F-strain. The F' diploid strains were prepared by crossing F-strains with strain F'13 (originally isolated by Dr. Hirota); F'13 carries an episome, containing the Rl and P genes, which is transferred to an F-mating partner. The P mutation incorporated into the F' strains is from the mutant US, which does not produce any protein that is related serologically to alkaline phosphatase (Leventhal, 1959; Garen, 1960) .
Media. The media and conditions of culture were described in an earlier report (Echols et al., 1961) . 297 * The cultures were grown to maximum cell density in S medium (Echols et al., 1961) containing a growth-limiting concentration of glucose (0.025%) and a high concentration of phosphate, and were subcultured 100 times in two media: S medium with low glucose (0.025%) and high phosphate concentrations, and S medium with high glucose (0.25%) and low phosphate (5 X 10-5 M KH2PO4) concentrations. The subcultures were grown to maximum cell density at 37 C with aeration; approximately the same maximum density was reached in both media. The optical density of each culture was read at 540 mj,, and a sample was prepared for enzyme assay by centrifuging, resuspending the cells in 0.1 M tris(hydroxymethyl)aminomethane (tris) buffer (pH 7.4), and shaking the cell suspension with toluene. Enzyme assays were performed as described in the text. It should be noted that the activity (8.6 units) of the repressible strain R1+ R2+ in low phosphate concentration is equivalent to the activity (12 units) of the constitutive strains Rib-R2+ and RI+ R2-, since the repressible strain does not begin to produce the enzyme in large amounts until the terminal growth stage when conditions for nonrepression have been established in the culture.
RESULTS
It was first necessary to establish whether the reduced level of alkaline phosphatase activity observed with Rla-mutants was due to a reduced level of enzyme protein, or to an inhibitory effect on the functioning of the enzyme. This question was resolved by measuring the amount of enzyme protein produced by an Rlamutant in a low phosphate concentration as compared with an R2 mutant and the wildtype repressible strain. As an indicator of protein synthesis, the incorporation of C14-proline into alkaline phosphatase was followed. The C'4-proline was added to the cultures after conditions for nonrepression had been established, as indicated by the appearance of alkaline phosphatase activity in the wild-type culture. The cultures of the wild-type and R2 mutant incorporated, respectively, 6.4 and 7.2% of the cellular C'4-proline into the purified alkaline phosphatase fraction; a culture of the Rlamutant incorporated only 2.5% (Table 2) The marked difference in alkaline phosphatase synthesis between Rla-and R2-mutants raises the question of how a double mutant, carrying both Rla-and R2 mutations, behaves: is the phenotype that of an Riae or R2-mutant? The results reported in Table 3 demonstrate the epistasis of the Rla-gene over the R2? gene.
The same question can be asked about a double mutant carrying both Rllb-and R2-mutations. The Rlb-single mutant, in contrast to an Rla-mutant, produces a high level of enzyme in a low phosphate concentration, but is partly repressed in a high phosphate concentration (Table 1) . The double mutant is not repressed in a high phosphate concentration, as shown in Table 3 . This result demonstrates the epistasis of the R2 gene over the Rlb-gene.
We then examined the behavior of a partial diploid F' strain heterozygous for the Rl and P genes (R1+ TP/Rla P+ R2+). The key difference between this diploid and a haploid Rlastrain is the presence in the diploid of an R1+ gene in a trans position relative to the P+ gene. It was shown previously (Echols et al., 1961) that the synthesis of alkaline phosphatase by a trans diploid is repressed in high phosphate. The point now in question is whether the synthesis in low phosphate concentrations corresponds to the reduced level of enzyme characteristic of an Rla-strain or to the high level characteristic of an R1+ strain. A high level of enzyme is produced by the trans diploid ( The term "inducer" designates the substance required by the cell to achieve a high level of alkaline phosphatase synthesis. It is assumed that, in a high phosphate concentration, the inducer can be transformed into a repressor, and that this transformation requires a function controlled by the R2+ gene. The formation of the repressor results in a drastic reduction in the level of alkaline phosphatase synthesis.
This scheme can serve to explain all of the present observations. For an Rla-mutant, we postulate that the mutation causes an alteration of the inducer that prevents its transformation 1962] 
